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The experiment of determination of the 64Zn(n,α)61Ni reaction cross section in the 5.0 - 6.75 MeV neutron energy 
range was performed at the 4.5 MV Van de Graaf accelerator at the Institute of Heavy Ion Physics, Peking University, 
Beijing. Double section ionization chamber with grid was used for direct registration of the reaction products. The cross 
sections and angular distributions were extracted from the experimental data. The obtained values were compared with 
the results of other authors and theoretical estimations. The analysis of the experimental data and model calculations 
were carried out. 
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I. Introduction 
Investigation of 64Ζn(n,α)61Νί reaction in the energy 
range of several MeV is of great importance in various applied 
and basic fields. The data for the 64Ζn(n,α)61Νί reaction 
cross section is important for estimation of radiation damage 
in structural materials of nuclear reactors. On the other hand 
the information about the cross section and angular distribu-
tion is of interest for researching of nuclear reaction mecha-
nism. 
The experimental data for 64Zn(n,α)61Ni reaction cross 
section in the neutron energy range up to 15 MeV are very 
poor and there are significant discrepancies between the avai-
lable results and estimations. 
In this work we measured the cross sections and angu-
lar distributions for the 64Ζn(n,α)61Νί reaction at neutron 
energy En =5.0, 5.7 and 6.5 MeV, using direct spectrometric 
method. 
II. Experimental Setup 
The experiment was carried out at the 4.5 MV Van de 
Graaff Accelerator at the Institute of Heavy Ion Physics in 
Peking University. Nearly monoenergetic neutrons were pro-
duced via the D(d,n)3He reaction using a deuterium gas cell. 
The deuteron beam was ~3 µΑ during the experiment. Fig-
ure 1 shows the scheme of the experimental arrangement. 
Alpha-particles were detected using a parallel-plate, twin 
gridded ionization chamber with a common cathode. The 
chamber was made in the Frank Laboratory of Neutron 
Physics, JINR, Dubna, Russia.1, 2) Schematic view of the inner 
construction of the chamber is shown in Fig. 2. 
Fig. 1   Experimental arrangement 
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Fig. 2 Schematic view of the inner construction of the chamber. 
1 - anode, 2 - Frisch grid, 3 - cathode, 4 - rotating disk, 5 
- sample 
 
 
 Fig. 3   Disposition of the targets on the cathode 
Samples of Zn, an α-source, a background plate, 238U were 
placed on the rotating disk of the cathode, as shown in Fig. 3. 
The thickness of the Zn targets was 266 µg/cm2, the abun-
dance of 64Zn was 99.4% . The sample of Zn was prepared 
by evaporation in vacuum onto tantalum foil. The 238U sample 
(total weight 7.85±0.1 mg, φ 4.5 cm) placed in the chamber 
was used to determine the absolute neutron flux. 
The distances between the cathode and the grid, the grid 
and the anode were 4.5 cm and 2.2 cm, respectively. The 
counting gas was Kr+4.71% CH4.The pressure of the count-
ing gas was 1.2, 1.4, 1.6 atm for En=5, 5.7 and 6.5 MeV, re-
spectively. The distance from the cathode to the center of the 
neutron source was ~38 cm. 
The measurements were carried out from both sections si-
multaneously. The signals from the anode and the cathode 
were registered in coincidence and collected by multipara-
meter data acquisition system. This method provides us with 
the information about the energy and angular distribution of 
the emitted particles. At each neutron energy the sequence of 
measurements was performed: a main run with Zn, a back-
ground measurement run, and an 238U run. During the experi-
ment the neutron flux was monitored by the BF3 long counter. 
III.    Experimental Results 
Figures 4 and 5 show the two-dimensional spec-
tra of α-particles for the 64Ζn(n,α)61Νί reaction at 
En = 5.0 ± 0.26 MeV in the forward and backward direc-
tions. 
Two α-lines from investigated reaction are clearly seen. 
Due to the facts that the daughter nucleus 61Ni has high density 
of excited states, and the chamber has an energy resolution 
about 150 keV, these lines can be attributed to the transitions 
to ground and the first excited levels (the upper line in Figs. 
4, 5) and to the group of levels from 4 to 7 (the lower line). 
The total cross section was determined on the sum of events 
(after the background subtraction) over the region limited by 
the Kr α-line. 
Table 1 Experimental cross sections of the 64Zn(n,α)61Ni reac-
tion. 
 
 
Fig. 4 Two-dimensional spectrum of 64Zn(n,α)61Ni reaction at 
En=5 MeV in the forward direction 
 
Fig. 5 Two-dimensional spectrum of 64Zn(n,α)61Ni reaction at 
En=5 MeV in the backward direction 
The values of the cross sections are given in Table 1. 
The results for the angular distributions of the α-particles, 
emitted in the 64Zn(n,α)61Ni reaction, are shown in the 
center-of-mass system in Fig. 6. The fitted curves are the Le-
gendre polynomial presented as 1 + a · x +(b/2) · (3x2 - 1) 
with parameters cited in Table 2. 
 
 Fig. 7   Excitation function of the 64Zn(n,α)64Ni reaction 
Fig. 6   Angular distributions for the 64Zn(n,α)64Ni reaction 
It should be noted, that due to some technical reasons, nor-
malization of the forward-backward directions of the angular 
distribution at 6.5 MeV was done using the Kr line and is not 
completely reliable. All the other indicated errors arose from 
statistics uncertainties of the measurements with Zn, back-
ground and 238U measurements. 
IV.    Discussion 
Our results on the 64Zn(n,α)64Ni cross section in com-
parison with other experimental data and theoretical evalu-
ations are illustrated in Fig. 7. In neutron energy region of 
1-10 MeV, the unique experimental data3) has been also ob-
tained in our preliminary measurements. As the first experi-
ment suffered from a set of systematic uncertainties, this result 
could be considered as preliminary, and, in principal, is not in 
contradiction with the present data. Meantime, most of avai-
lable evaluations are much less than the obtained experimental 
values. To verify this situation, we performed a theoretical es-
timation of the 64Zn(n,α)64Ni cross section within this neut-
ron energy region. 
The cross section of the 64Zn(n,α)64Ni reaction was de-
termined using the method of the averaged cross section. 7, 8) 
The proposed (n,α) cross section is: 
 
The neutron averaged parameters were taken from.9) For 
the calculation of the α particle penetrabilities a Wood-
Saxon potential10) was used.The potential parameters are: 
V0 = -225 MeV, αr = 0.68 fm, rr = 1.17 fm. 
For the first approach, we restricted the calculation by the 
s- and p-neutron waves and the α-transitions up to the 7-th ex-
cited level of  61Ni. The obtained results are shown in Table 3. 
Table 3   Calculated cross sections of the 64Zn(n,α)64Ni reaction 
 
  
where I is the spin of the target, J is the spin of the compound 
nucleus, l is the the orbital momentum of the neutron. 
Our theoretical evaluation is two times greater than the ex-
perimental one at the En = 5 MeV incident neutron energy. 
There are several reasons explaining it. First, the potential 
parameters were chosen without any preliminary selection or 
fitting to the existing experimental data (for example, the elas-
tic α-scattering). Second, and that is more important, we did 
not take into account the pre-equilibrium and direct processes. 
From Fig. 6 and Table 2, it can be seen that there is a signi-
ficant asymmetry of angular distributions at 5.7 and 6.5 MeV 
It could indicate to the contribution of direct processes. Obvi-
ously, the compound nuclear mechanism predominates at the 
 
 
 
energy lower 5 MeV, and over 5 MeV the contribution of di-
rect process becomes significant. Thus, the ADL-3 evaluation 
curve is quite close to our data and probably has more realis-
tic behaviour. An accurate evaluation of the cross section in 
the 64Zn(n,α)64Ni reaction requires the knowledge of the 
parameters in the frame of a proposed model. These para-
meters could be obtained by fitting the experimental data. In 
our case, such an approach needs more experimental data in a 
larger neutron energy interval. 
Analysing the existing experimental data from the literature 
on (n,α) reaction, with the increase of the neutron energy 
the contribution of the direct reaction mechanism in the cross 
section is increasing too (in comparision with the compound 
nucleus mechanism reaction). These main suppositions are at 
present under investigation. 
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